Introduction
============

During the COVID-19 pandemic, use of enhanced personal protective equipment (EPPE) has been recommended by various professional organizations to reduce the risk of endoscopist exposure and infection during gastrointestinal endoscopy [@JR1901-1] [@JR1901-2] [@OR1901-3] [@OR1901-4] [@JR1901-5] [@JR1901-6] . Singapore was one of the first countries after China to be affected by COVID-19 and was also severely affected by the 2003 outbreak of severe acute respiratory syndrome (SARS). In Singapore, the recommended EPPE for both upper and lower gastrointestinal endoscopy during the COVID-19 pandemic consists of N95 filtering face piece (FFP) respirator, face shields, and hairnets, in addition to the standard personal protective equipment (SPPE) of water-resistant gown and gloves [@JR1901-6] . Use of such EPPE for staff protection during the COVID-19 pandemic was implemented beginning on February 7, 2020. This practice is somewhat different from other recommendations which regarded lower gastrointestinal endoscopy as a procedure with lower risk of disease transmission and only recommended the use of surgical face mask and not N95 mask [@JR1901-1] [@JR1901-2] [@OR1901-3] [@OR1901-4] . In Singapore, more stringent measures were adopted based on our experience with SARS, and the fact that there is ongoing local community transmission, which involved asymptomatic individuals without risk factors for COVID-19 exposure. Both upper and lower gastrointestinal endoscopy procedures require close patient contact, with the possibility of disease transmission [@JR1901-7] [@JR1901-8] [@JR1901-9] . Use of such EPPE during endoscopy is in addition to stringently screening patients prior to endoscopy, postponing endoscopy for those deemed at risk of exposure to or infection from COVID-19, and limiting elective cases to those that cannot be deferred.

The impact of PPE on healthcare worker performance has been evaluated in other critical care scenarios but not during endoscopy. PPE has been shown to negatively impact fine-motor skills required to perform procedures such as endotracheal intubation and intravenous cannula insertion [@JR1901-10] . FFP respirators result in an array of physiological and psychological effects, with prolonged usage interfering with respiration, thermal equilibrium, and vision [@JR1901-11] . FFP respirators also interfere with inter-professional communication between health care workers [@JR1901-12] . Vision is of paramount importance during colonoscopy, as aspects including visual acuity, peripheral vision, and color detection are crucial for detection of lesions. Because of fogging, FFP respirators and face shields as a result of fogging, can negatively affect vision and possibly impact endoscopy handling and lesion detection [@JR1901-13] .

Given that the COVID-19 pandemic may persist for a longer period or even become an endemic infectious disease, use of EPPE may be required in the longer term. The impact it has on colonoscopy quality outcomes is unclear. We aimed to evaluate the impact of EPPE use on the task of performing colonoscopy and related quality outcomes.

Patients and methods
====================

Study design
------------

This was an exploratory retrospective, observational study conducted in a single tertiary referral center in Singapore. Formal Institutional Review Board (IRB) approval was not required as per institutional protocol for such a study design. Colonoscopy procedures performed in two similar 4-week time periods -- February 1 to 28, 2019 and February 7 to March 5, 2020 -- were evaluated. SPPE was used for endoscopy procedures performed in 2019 and EPPE for endoscopy procedures performed beginning on February 7, 2020.

Patient selection
-----------------

A retrospective chart review of electronic medical records and electronic colonoscopy reports of consecutive patients who underwent colonoscopy in the Department of Gastroenterology and Hepatology, Changi General Hospital, Singapore, was performed. Data on patient demographics that influenced colonoscopy performance including body mass index (BMI), medical history, and previous abdominal surgery were reviewed [@JR1901-14] . Indications for colonoscopy, time to cecum (TTC), withdrawal time, total procedure time, cecal intubation rate (CIR), endoscopic findings, and involvement of a trainee in the procedure were collected. We defined an experienced endoscopist as one who has performed more than 500 colonoscopies and a trainee endoscopist as one requiring direct supervision. We included all diagnostic colonoscopies in our final analysis and excluded patients who underwent lower gastrointestinal procedures for endoscopic resection or colonic stenting.

Outcomes
--------

Our primary outcomes were TTC and total procedure time. These two indices were selected as they best represented the task of performing a colonoscopy and were captured objectively in the electronic reporting system. Secondary outcomes were adenoma detection rate (ADR), polyp detection rate (PDR), and CIR.

Statistical analysis
--------------------

Statistical analysis was performed using STATA version 16.1. Descriptive statistics were computed for all variables in frequencies and percentages. Normally distributed continuous variables were presented in mean ± standard deviation (SD). Non-parametric variables were presented in median ± interquartile range (IQR) and analyzed using Mann-Whitney test. Categorical data were analyzed using chi-square or Fisher's exact test. Sample size calculation was not performed as this was an exploratory retrospective study and there was no prior data to guide sample size calculation for an equivalence test.

Results
=======

Baseline demographics
---------------------

A total of 256 lower gastrointestinal endoscopies were performed during the study period. Nine procedures with therapeutic intent (endoscopic resection, colonic stenting) were excluded. Of the remaining 247 diagnostic colonoscopies, 116 were done using SPPE and 131 were done using EPPE ( [Fig. 1](#FI1901-1){ref-type="fig"} ). Mean patient age (SD) was 57.6 ± 13.9 years. The majority of patients were Chinese (68.8 %). Mean (SD) of body mass index (BMI) was 24.4 ± 4.4; 30 (12.1 %) had prior abdominal surgery. The most common indications for colonoscopy were change in bowel habits (21.9 %) and abdominal pain (14.2 %). There was no significant difference in patient demographics, comorbidities, ir indications between both groups ( [Table 1](#TB1901-1){ref-type="table"} ).
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###### Patient demographics.

  Variables                                    2019 (SPPE)    2020 (EPPE)    *P* value
  -------------------------------------------- -------------- -------------- -----------
  Number of patients                           116            131            
  Age (years)                                   58.3 ± 13.5    57.0 ± 14.3   NS
  Gender (n,%)                                                               
  Male                                          55 (47.4)      71 (54.2)     NS
  Female                                        61 (52.6)      60 (45.8)     NS
  Race (n,%)                                                                 
  Chinese                                       80 (69.0)      90 (68.7)     NS
  Malay                                         24 (20.7)      23 (17.6)     NS
  Indian                                         5 (4.3)       10 (7.6)      NS
  Others                                         7 (6.0)        8 (6.1)      NS
  BMI (kg/m ^2^ )                               24.1 ± 4.3     24.8 ± 4.4    NS
  CVRF (n,%)                                    73 (62.9)      77 (58.8)     NS
  Cardiac disease (n,%)                         14 (12.1)      23 (17.6)     NS
  Cerebrovascular disease (n,%)                  3 (2.6)        7 (5.3)      NS
  Chronic Kidney disease (n,%)                   8 (6.9)       13 (9.9)      NS
  Liver cirrhosis (n,%)                          3 (2.6)        3 (2.3)      NS
  IBD (n,%)                                      4 (3.5)        5 (3.8)      NS
  History of abdominal surgery (n,%)            11 (9.5)       19 (14.5)     NS
  Clinical Indication (n, %)                                                 
  Change in bowel habit                         26 (22.4)      28 (21.4)     NS
  Positive fecal occult blood                    5 (4.3)       20 (15.3)     NS
  Rectal bleeding                               12 (10.3)      10 (7.6)      NS
  Pain                                          22 (19.0)      13 (9.9)      NS
  Anemia                                        24 (20.7)      10 (7.6)      NS
  Polyp surveillance                            11 (9.5)       20 (15.3)     NS
  Others [1](#FN1901-1){ref-type="table-fn"}    16 (13.8)      30 (22.9)     NS
  Adequate bowel preparation (n, %)            112 (96.6)     124 (94.7)     NS

Values are mean ± standard deviation or n (%)

Adequate bowel preparation is defined as Boston Bowel Prep score ≥ 2 for each colonic segment

SPPE, standard personal protective equipment; EPPE, enhanced personal protective equipment; BMI, body mass index; CVRF, cardiovascular risk factors; IBD, inflammatory bowel disease; NS, nonsignificant

Other indications include evaluation of IBD, abnormal computed tomography scan findings, elevated carcinoembryonic antigen, and loss of weight.

Primary outcomes
----------------

There was no significant difference in median TTC (10.0 vs 10.0 min, *P*  = 0.524) and total procedure time (22.5 vs 23.0 min, *P*  = 0.946) between the SPPE and EPPE groups ( [Table 2](#TB1901-2){ref-type="table"} ).

###### Results.

  Variables                            2019 (SPPE)          2020 (EPPE)          *P* value
  ------------------------------------ -------------------- -------------------- -----------
  Total number of colonoscopies        116                  131                  
  Overall adenoma detection rate (%)    21.6                 29.8                NS
  Overall polyp detection rate (%)      40.5                 50.4                NS
  Cecal intubation rate (%)            100                   99.2                NS
  Time to cecum (min)                   10.0 (8.0--16.5)     10.0 (7.0--15.0)    NS
  Withdrawal time (min)                 10.0 (8.0--16.5)     10.0 (10.0--18.0)   NS
  Total procedure time (min)            22.5 (20.0--34.5)    23.0 (18.0--35.0)   NS

Values for endoscopy times are expressed as median (interquartile range)

SPPE, standard personal protective equipment; EPPE, enhanced personal protective equipment; NS, nonsignificant

Secondary outcomes
------------------

There was no statistically significant difference in ADR (29.8 % vs 21.6 %, *P*  = 0.141) and PDR (50.4 % vs 40.5 % *P*  = 0.120) between the EPPE and SPPE groups. CIR (99.2 % vs 100 %, *P*  = 0.346) was also similar between the two groups. Cecal intubation was unsuccessful in one patient due to underlying megacolon ( [Table 2](#TB1901-2){ref-type="table"} ).

Impact of trainee involvement
-----------------------------

A total of 46 (18.6 %) colonoscopies were performed by trainees under direct supervision. There was no significant difference in TTC (16.0 vs 15.0 min, *P*  = 0.638), total procedure time (34.5 vs 34.0 min, *P*  = 0.473), ADR (33.3 % vs 25.0 %, *P*  = 0 .572), PDR (72.2 % vs 50.0 %, *P*  = 0.162) or CIR (100 % vs 95 %, *P*  = 0.336) between colonoscopies performed using SPPE and EPPE. For colonoscopies performed by experienced endoscopists alone, rates of ADR (20.0 % vs 31.1 % *P*  = 0.072) and PDR (33.7 % vs 51.9 %, *P*  = 0.009) were higher with use of EPPE compared to SPPE ( [Supplementary Table 1](#TB1901-3){ref-type="table"} ).

###### Results stratified according to trainee involvement **.**

  Variables                              2019 (SPPE)          2020 (EPPE)          *P* value
  -------------------------------------- -------------------- -------------------- -----------
  Total number of colonoscopies (n, %)   116 (47.0)           131 (53.0)           
  Experienced endoscopist                 95 (81.9)            106 (80.9)          0.843
  Trainee                                 21 (18.1)            25 (19.1)           
  Adenoma detection (n, %)                25 (21.6)            39 (29.8)           0.141
  Experienced endoscopist                 19 (20.0)            33 (31.1)           0.072
  Trainee                                  6 (33.3)             5 (25.0)           0.572
  Polyp detection (n, %)                  47 (40.5)            66 (50.4)           0.120
  Experienced endoscopist                 32 (33.7)            55 (51.9)           0.009
  Trainee                                 13 (72.2)            10 (50.0)           0.162
  Cecal intubation (n, %)                116 (100)            130 (99.2)           0.346
  Experienced endoscopist                 95 (100)            106 (100)            
  Trainee                                 18 (100)             19 (95.0)           0.336
  Time to cecum (min)                     10.0 (8.0--16.5)     10.0 (7.0--15.0)    0.524
  Experienced endoscopist                 10.0 (7.0--15.0)     10.0 (7.0--13.0)    0.527
  Trainee                                 16.0 (10.0--20.0)    15.0 (11.0--18.5)   0.638
  Withdrawal time (min)                   10.0 (8.0--16.5)     10.0 (10.0--18.0)   0.288
  Experienced endoscopist                 10.0 (8.0--15.0)     10.0 (9.0--14.0)    0.517
  Trainee                                 14.5 (10.0--25.0)    19.5 (15.5--28.5)   0.177
  Total procedure time (min)              22.5 (20.0--34.5)    23.0 (18.0--35.0)   0.946
  Experienced endoscopist                 21.0 (18.0--30.0)    20.0 (17.0--31.0)   0.639
  Trainee                                 34.5 (20.0--49.0)    34.0 (30.5--43.0)   0.473

Values for endoscopy times are expressed as median (interquartile range) or n (%)

SPPE, standard personal protective equipment; EPPE, enhanced personal protective equipment

Discussion
==========

During the COVID-19 pandemic, depending on the acuity of country-specific healthcare needs and resources, both in terms of manpower and PPE availability, there will be a need to maintain a fine balance between focusing solely on emergency therapeutic endoscopy procedures and performing limited elective procedures that cannot be unduly postponed [@OR1901-4] [@JR1901-5] [@JR1901-6] . Regions overwhelmed by the pandemic are in a crisis mode, with resources diverted to meet the needs of those afflicted by COVID-19, and all elective procedures would be cancelled and the available limited resources would be only used for emergency therapeutic procedures. The period from February to March 2020 was a time during which elective semi-urgent procedures could still be performed, and thus provided an opportunity for us to assess the impact of EPPE on the task and outcome of specific endoscopy procedures. We focused on colonoscopy as opposed to upper endoscopy and other endoscopy procedures as they involve well-established indices that serve as surrogate markers for quality outcomes and about which data are captured automatically and hence available for analysis. To our knowledge, this study is the first to evaluate the effects of EPPE on the task of performing colonoscopy.

The physical discomfort to the endoscopist from wearing EPPE is well recognized. There is justifiable concern about the impact on procedure-related quality outcomes. Our study provides reassurance that objective outcome measures such as time to cecal intubation, total procedure time, ADR and PDR are not negatively impacted by use of EPPE compared to SPPE, with results being similar in both groups. In a subgroup analysis, for credentialed endoscopists, the ADR and PDR were actually higher during the period of EPPE use. This could be due to case selection, in terms of the patients undergoing colonoscopy during this time period possibly having a higher likelihood of underlying pathology due to the procedure indication. For instance, there was a greater proportion of patients (although not statistically significant) who were fecal immunochemical test (FIT)-positive during the period of EPPE use, and such patients have colonoscopy performed by a credentialed endoscopist and not by trainees under supervision. We postulate that there are several reasons why there is no negative impact on colonoscopy outcome measures from use of EPPE. Median TTC and total procedure time were short at 10 minutes and 23 minutes, respectively, and all colonoscopy procedures were performed in air-conditioned suites. Endoscopists had the option of temporarily removing FFP respirators between procedures. All endoscopists were mask-fitted and used face shields with anti-fogging properties, reducing the impact of misting on vision and lesion detection. The majority of experienced endoscopists also had experience performing endoscopy in EPPE for patients requiring airborne precautions such as pulmonary tuberculosis, and during the previous SARS outbreak in 2003.

We acknowledge the study limitations. It was retrospective. The sample size was relatively small as we could only study two similar 1-month periods. Nonetheless, the study does provide new insights into a clinically relevant issue. We focused on robust, objective outcome data that were tracked prospectively and electronically captured. We included all colonoscopy procedures performed during the study period.

We hope that our observations will serve as a foundation for further research on colonoscopy quality outcomes when performed under conditions of heightened PPE requirements. More robust study designs using propensity matching or historical control populations with a larger sample size can be conducted to evaluate the impact of EPPE on established colonoscopy quality indices such as ADR and PDR.

Conclusion
==========

The COVID-19 pandemic has resulted in heightened PPE requirements during endoscopic procedures. Our study suggests that the task of performing a colonoscopy is not negatively affected by EPPE. Colonoscopy can continue to be safely and effectively performed with use of EPPE.
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